Abstract: Activity-guided isolation of a methanolic extract of Galla Rhois using pancreatic lipase and 3T3-L1 adipocytes led to the isolation of seven phenolic compounds: protoaphin-fb (1), 2-O-digalloyl-1,3,4,6-tetra-O-galloyl--D-glucose (2), 1,2,3,4,6-penta-Ogalloyl--D-glucose (3), 1,2,4,6-tetra-O-galloyl--D-glucose (4), 3-hydroxy-5-methoxyphenol 1-O--D-glucoside (5), methylgallate (6), and gallic acid (7). Their structures were established on the basis of NMR and MS spectroscopic data interpretation. All isolates were evaluated for their inhibitory effects on pancreatic lipase, and compounds 1-5 exhibited potent inhibitory effects on this enzyme, with IC 50 values ranging from
Introduction
Obesity is the result of an imbalance between energy intake and expenditure and is widely recognized as a major health problem. Obesity has a close association with several pathological disorders, including type II diabetes, hyperlipidemia, hypertension, arteriosclerosis, osteoarthritis, and coronary heart disease [1] . Recent therapeutic approaches to obesity can be categorized according to their distinct mechanisms, such as inhibition of lipases, suppression of energy intake, stimulation of energy expenditure, inhibition of adipocyte differentiation, and control of lipid metabolism [2] . Pancreatic lipase is well known as a key enzyme in absorption of dietary triglyceride. This enzyme, which is secreted from the pancreas, hydrolyzes triglycerides into glycerol and fatty acids [3] . One example is orlistat, a derivative of the naturally occurring potential pancreatic lipase inhibitor produced from Streptomyces toxytricini, which is used clinically in treatment of obesity by reducing the energy intake from the diet [4] . Obesity is also characterized at the cellular level by an increase in the number and size of adipocytes differentiated from 3T3-L1 preadipocytes in adipose tissues [5] . Therefore, regulation of fat absorption and lipid accumulation by disturbance of lipase and adipocyte differentiation is considered an important strategy in development of an anti-obesity agent.
Galla Rhois, which is found in the gall of sumacs, has long been recognized as a traditional Korean medicine for treatment of diarrhea, prolonged coughing, and spontaneous perspiration. Several tannic acid and its derivatives recently isolated from this plant were found to exhibit a range of biological activities, including antibacterial [6] , antifungal [7] and hepatoprotective [8] effects.
As part of an ongoing investigation for discovery of naturally occurring anti-obesity agents from medicinal plants, a porcine pancreatic lipase assay was used in an initial screening procedure; according to the results, an EtOAc-soluble portion of Galla Rhois extract exhibited significant inhibitory activity, with an IC 50 value of 6.4 ± 0.7 g/mL. This paper describes the procedure for isolation and identification of the phenolic constituents 1-7 from Galla Rhois, as well as their inhibitory activity against pancreatic lipase and adipocyte differentiation in 3T3-L1 cells.
Results and Discussion
Successive column chromatographic purification of the EtOAc-soluble fraction of the methanolic extract of Galla Rhois led to isolation and characterization of seven phenolic derivatives 1-7. The isolated known compounds were identified as 2-O-digalloyl-1,3,4,6-tetra-O-galloyl--D-glucose (2) [9] [11] , methylgallate (6) [12] , and gallic acid (7) [12] by comparison of their physicochemical and spectroscopic data ( 1 H, 13 C-NMR, 2D NMR, and MS) with those of authentic samples and reference data. observed, indicating the presence of a glucose moiety [13] . These NMR data in combination with 2D NMR experiments performed on 1 suggested that this compound is a dimeric benzo[g]isochromane glucoside [14] . The position of the sugar moiety and linkage of C-5-C-6′ was confirmed from HMBC correlations between H-1'' and C-9, 4-OH and C-10a, -5, -4a, -4, -3, H-6 and C-9a, 8, -7, -5a, -5, 10-OH and C-10a, -10, -9a, -5a, 4a, H-8′ and C-9′a, 9′, 7′, 6′, and 9′-OH and C-9′a, 9′, 8′, 7′, 5′a [15] . The NOESY correlation between H-8 and H-1″ placed these two meta-coupled aromatic protons at H-8 and H-6, respectively. Moreover, analysis of the NOESY spectrum between 12′-CH 3 /H-4′, 1′, 12-CH 3 /H-4, and H-3/11-CH 3 , 4-OH suggested the relative configuration of the remainder of the molecule of 1 to be identical with that of previously reported protoaphin-fb [16] . Compound 1 was previously reported as a constituent of Aphis fabae, however, its structure elucidation remained unassigned. To the best of our knowledge, this is the first report to elucidate the structure of the fully assigned protoaphin-fb derived from a natural source. The compounds isolated from Galla Rhois were evaluated for their ability to inhibit pancreatic lipase activity, using orlistat as the positive control (Table 1 ). In this bioassay system, the known (3), and 1,2,4,6-tetra-O-galloyl--D-glucose (4), were found to be the most active, with IC 50 values ranging from 3.5± 0.5 to 23.2 ± 1.8 μM, while methylgallate (6) and gallic acid (7) were inactive. In addition, protoaphin-fb (1) and 3-hydroxy-5-methoxyphenol 1-O--D-glucoside (5) exhibited lower inhibitory effects than the most active compound 2. Of particular interest, a certain degree of galloylation on the glucose moiety of these active molecules appears to be required for potent inhibitory activity. Furthermore, a 3T3-L1 cell-based adipocyte differentiation assay was performed for evaluation of bioactive compounds 1, 2, 3, and 4 against pancreatic lipase. The non-toxic concentrations of the tested compounds were established in 3T3-L1 preadipocytes using concentrations of 50, 25, and 10 M. After two days of incubation, an MTT assay was performed for measurement of cell viability; according to the results, no cytotoxic effect was detectable for any of the tested compounds in concentrations up to 50 M. The inhibitory effects of isolated compounds on differentiation of 3T3-L1 preadipocytes were tested by treatment of the cells with non-toxic concentrations throughout the differentiation period. As shown in Figure 1 , Compound 2 induced a significant increase in inhibition of lipid deposition, approximately 64% inhibition, at a concentration of 50 M. (2) 3.5 ± 0.5 1,2,3,4,6-Penta-O-galloyl--D-glucose (3) 15.9 ± 1.0 1,2,4,6-Tetra-O-galloyl--D-glucose (4) 23.2 ± 1.8 3-Hydroxy-5-methoxyphenol 1-O--D-glucoside (5) 78.9 ± 3.7 Methylgallate (6) >300 Gallic acid (7) >300 Orlistat Tannins constitute a large group of plant polyphenols which are believed to have beneficial biological properties, including antioxidant, antiviral, antitumor, and anti-inflammatory activities [17] . Gallotannins are hydrolysable tannins composed of a glucose core esterified to gallic acid residues and widely distributed in dicotyledonous plants. Previously, structure-activity relationships of the representative gallotannins have been investigated extensively for their anticancer [18] , antidiabetic [19] , and antimicrobial [20] properties and results of these studies suggested that the biological activities of the several gallotannins were influenced primarily by the number and location of the galloyl groups on the sugar moiety. The inhibitory activity against pancreatic lipase of compound 2, which has six galloyl groups on the glucose moiety, was much stronger than those of gallotannins 3 and 4, each of which have fewer galloyl residues on the glucose moiety. However, the distinct relationship between structure and activity did not demonstrate that inhibition of adipocyte differentiation in 3T3-L1 cells was dependent on the number and location of galloyl groups attached to the glucose moiety. During the last decade, inhibition of pancreatic lipase and differentiation of adipocytes has been suggested as an important therapeutic approach for prevention and treatment of obesity. In recent years, studies have shown that a number of naturally-occurring gallotannins exhibit anti-obesity activities including suppressing of adipocyte differentiation [21, 22] . Based on these facts, 2-O-digalloyl-1,3,4,6-tetra-Ogalloyl--D-glucose (2) isolated from Galla Rhois showed the most potent inhibitory activity against pancreatic lipase and adipocyte differentiation in 3T3-L1 (Figure 2) . Although, several anti-obesity candidates from natural products have been identified [23, 24] , the potential of highly galloylated gallotannins isolated from Galla Rhois as anti-obesity agents should be noted from the results of this study. Further investigation on the isolation of larger amounts of the potent gallotannins is currently being conducted in order to verify their mode of action. 
Experimental

General
UV spectra were obtained using a Hitachi U-2000 spectrophotometer (Hitachi, Tokyo, Japan). 1 
Plant Material
Galla Rhois was collected in Asan-si, Chungcheongnam-do, Korea in October 2009, and identified by Dr. Tae Hoon Kim. A voucher specimen (KAJ-0077) was deposited at the Natural Product Chemistry Laboratory of Daegu Haany University.
Extraction and Isolation
The dried Galla Rhois (1.2 kg) was ground and extracted exhaustively with MeOH (10 L × 3) at room temperature and the solvent was evaporated in vacuo. The combined crude MeOH extract (445.8 g) was suspended in 10% MeOH (1.0 L), and then partitioned in turn with n-hexane (2 L × 3), EtOAc (2 L × 3), and n-BuOH (2 L × 3) to yield after concentration dried n-hexane-(27.6 g), EtOAc-(256.2 g), n-BuOH-(37.2 g) and H 2 O-soluble (98.6 g) residues. In a pancreatic lipase inhibition assay, the EtOAc-soluble extract was found to be active, with an IC 50 value of 6.4 ± 0.7 g/mL. During chromatographic separation, fractions were monitored by reversed-phase HPLC. A portion (22. 
Pancreatic Lipase Activity Assay
A previously reported method [25] , with a minor modification, was used for evaluation of the ability of the compounds to inhibit porcine pancreatic lipase. Briefly, an enzyme buffer was prepared by addition of 30 L (10 units) of a solution of porcine pancreatic lipase (Sigma, St. Louis, MO, USA) in 10 mM morpholinepropanesulphonic acid (MOPS) and 1 mM EDTA (pH 6.8) to 850 L of Tris buffer (100 mM Tris-HC1 and 5 mM CaCl 2 , pH 7.0). Then, 100 L of the compounds at the test concentration or orlistat (Roche, Basel, Switzerland) was mixed with 880 L of the enzyme-buffer, followed by incubation for 15 min at 37 °C, with addition of 20 L of the substrate solution (10 mM of p-nitrophenylbutyrate in dimethylformamide) and the enzymatic reactions were allowed to proceed for 15 min at 37 °C. Pancreatic lipase activity was determined by measuring the hydrolysis of p-nitrophenylbutyrate to p-nitrophenol at 405 nm using an ELISA reader (Infinite F200; Tecan Austria GmBH, Grödig, Austria). Inhibition of lipase activity was expressed as the percentage decrease in the optical density (OD) when porcine pancreatic lipase was incubated with the test compounds.
Assay of Adipocyte Differentiation in 3T3-L1 Cells
3T3-L1 mouse embryo fibroblasts were cultured in DMEM supplemented with 10% FBS until reaching confluence. Two days after reaching confluence (day 0), to initiated differentiation, cells were stimulated with differentiation medium containing DMEM with 10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine, 1 M insulin and 1 M dexamethasone for two days (day 2). Cells were then maintained in DMEM supplemented with 10% FBS and 2 M insulin for another six days (day 8), followed by culturing with DMEM with 10% FBS for an additional four days (day 8). All media contained 100 IU/mL penicillin and 100 g/mL streptomycin. Cells were maintained at 37 °C in a humidified atmosphere of 95% air-5% CO 2 . Throughout the culture period (days 0-8), the cultures were treated with test samples for general experiments [26] , with a slight modification. Lipid droplets in cells were stained with Oil Red O. Eight days after induction of differentiation, cells were washed two times with PBS and then fixed with 10% formalin at room temperature for 1 h. After fixation, cells were washed once with 60% isopropyl alcohol and stained with freshly diluted Oil Red O solution (three parts 0.6% Oil Red O in isopropyl alcohol and two parts of water) for 1 h. Cells were then washed twice with water and visualized. For quantitative analysis, Oil Red O staining was dissolved with isopropyl alcohol and optical density was measured at 500 nm using an ELISA plate reader.
Conclusions
The EtOAc-soluble portion from Galla Rhois extract of Korean origin exhibited potent inhibitory effects on pancreatic lipase, with an IC 50 value of 6.4 ± 0.7 μg/mL. In the present work, activity-guided isolation of the EtOAc-soluble fraction of Galla Rhois using pancreatic lipase led to the isolation and characterization of seven phenolic metabolites 1-7. The isolation procedure was monitored using a pancreatic lipase assay and the isolated compounds were characterized on the basis of spectrospcopic data interpretation. The known highly galloylated tannins 2-O-digalloyl-1,3,4,6-tetra-O-galloyl--Dglucose (2), 1,2,3,4,6-penta-O-galloyl--D-glucose (3), and 1,2,4,6-tetra-O-galloyl--D-glucose (4), were found to be the most active compounds, with IC 50 values ranging from 3.5 ± 0.5 to 23.2 ± 1.8 μM. Among the isolated potent pancreatic lipase inhibitors, compound 2 was found to display the most potent inhibitory activity for lipid accumulation (64%) at the non-toxic concentration of 50 M. The bioassay evaluation results observed in present investigation indicate that several gallotannins should be at least in part responsible for the anti-aipogenic activity exhibited by the EtOAc-soluble extract from the methanolic extract of Galla Rhois.
